In this paper, a particle in cell model (PIC) was developed. We compare the major characteristics of a single discharge obtained from our PIC model and the fluid model. Fluid model uses different approximations as Local field (LFA). The particle in cell (PIC) model, although its costs in time, still an efficient tool to understand a PDP discharge. Even there is some differences as the delay time and the ionization, the discharge still be correctly described as the energy balance.
Introduction
Despite the efforts of researchers in computer performance over the last decades, integrating all aspects of a system of plasma in a detailed model is not possible. Instead, simpler models are commonly used with appropriate assumptions. Well-organized simulation methods can provide physical information often difficult to obtain from experiments. Simulation results can also be used to identify research guidelines, find optimum operating conditions or propose novel designs for performance improvements. With this success, the numerical modeling of plasmas has become a valuable tool to understand and optimize plasma physics, especially plasma display panels (PDPs).
Plasma display panels (PDPs) are actually one of the principal technologies in flat display panels because of their large size (a 70" PDP is realised actually), their wide viewing angle (~180°), their high colour resolution, and their flat body. Nevertheless, it still needs many improvements like the luminous efficiency which is only 1-2 lm/w. Although many experiences were realized to understand PDPs mechanism [1] [2] [3] and to give the ways to improve their performances, Modelling is an important tool to provide progress to this research effort. Several models were developed in order to study discharges in plasma display panels, their kinetic and the discharge efficiency [4] [5] [6] [7] [8] [9] . Many numerical models have been also developed to study the different methods to optimize plasma display panel characteristics, particularly the luminous efficiency [10] [11] [12] [13] [14] . One way to increase the luminous efficiency is to improve the part of the input energy deposited by electrons into xenon excitation. This can augment U.V production, and then the visible light production. Several papers have study this way using fluid model [15] [16] [17] [18] . This model use different approximations like local field approximation (LFA). The aim of this work is to compare our one dimensional particle in cell model with Mont Carlo Collisions model (PIC'MCC) [19] [20] to the 1D fluid model used by Meunier et al [21] . The two models are presented in Section 2. In Section 3, are presented the characteristics of a single discharge described by both PIC and fluid model. The energy balance is then discussed.
Physical model

PIC model
The particle in cell (PIC) model consists of tracking macro-particles individually according to fundamental laws:
The charged particles trajectories are obtained by the Newton-Lorentz equations:
Where m is the particle mass, V the velocity, X the position, and F the applied force
The electric field is obtained form Poisson's equation:
Where Φ is the electric potential, ρ is the charged density, and ε 0 is the permittivity, and
In PIC simulations, field quantities are known at the grid points whereas particles are allowed to fill the continuum phase space within the simulation domain. A typical algorithm involves basic steps as seen in Figure. 1 [21] [22] [23] [24] . The motion equations described above are discretized using the leapfrog scheme. In finite-difference form, we obtain the following equations:
where, X i , V i , F i , and E i are respectively the position, the velocity, the force, and the electric field at the particle position. Φ j is the potential at grid point j, Δt is the time step, and Δx, is the distance between grid points.
The electric field at grid point j is deduced from the potential:
The electric field at each position is calculated as follows (Weighting grid to Particles):
where E j et E j+1 are electric fields at j and j+1 respectively, x j et x j+1 are the positions of adjacent cells, X i is the particle position. x is the space between two neighbor cells, it is equal to the total gas space distance on the number of grids
The particle collisions are studied by the Monte Carlo collisions method [25] [26] . The time step used in this work is taken as small as possible to make the collision probability per time step very small. Each time step we check only for a limited number of particles whether they collide. Number of macro-collisions per time step Nc = int(Np max dt) + 1, can be chosen at random from the particle list allowing for each particle to be drawn more than once. Once the particles undergoing collisions have been selected, the type of collision for each particle is determined by choosing a random number. For this reason, we need to know the appropriate cross sections;
The ion and electron collision cross sections are given by Piscitelli et al. [27] and in Bolsig+ [27] respectively. 
Fluid model
Where n e is the electron density, n p the positive ion density. 
Results
In this section we compare results obtained from the 1D models described above for a single discharge pulse in a mixture of 10% xenon in neon. The gap length d is 100µm, the pressure p is 560 Torr, and the equivalent capacity of dielectric layers is 230pF/cm2. The gas temperature is supposed to be constant and equal to 300 °K. The secondary emission coefficients of xenon and neon are 0.005 and 0.5 respectively. The scheme of the simulated cell is shown in Figure 2 . As it is shown, the discharge can be initiated by fluid model at voltage less than by PIC code although the same electron cross sections are used. This can be explained by the fact that the ionization coefficient in Monte Carlo Collisions is less obtained from Boltzmann equation. Furthermore, the ionization coefficient is considered to be constant in the entire cell in fluid model when it isn't in PIC model which induces a less ionization in this model. The question is does it affect the discharge characteristics?
In Figure 4 is represented the current density of a single discharge for the conditions cited above. As the voltage is applied to the cell, the charges migrate toward dielectrics and the breakdown occurs at 200 ns for fluid model and at 320 ns for PIC model. The current density increases and reaches a peak of 9 and 8.5 for PIC and fluid model respectively. Even if the delay time is more important for PIC model, the peak of current is almost in the order of that obtained from fluid model. This means that the difference between fluid and PIC model affects only the pre-breakdown and not the discharge. This can be verified subsequently. It is also, seen in Figure 5 (a) that, at the peak of current, the electric field reaches a value of 3 10 5 and 2.1 10 5 V/cm for PIC and fluid models respectively, when the cathode sheath length is in order of 8 and 10 µm for PIC and fluid model respectively. After the extinction of discharge; post discharge, fluid model shows a cathode sheath larger than that of PIC model (see Figure 5 (b) ). It is noted in Figure 6 (a)-(d) that the two models give the same allure of charges densities at the maximum of current and at the postdischarge. There are no electrons at the cathode sheath. At the peak of current, electron density is more important in PIC model; in order of 3. Figure 7 represents the diagram of energy balance obtained with the two models. It is noted that from the total energy deposited in the discharge, PIC model estimates that only 40 % is used by electrons when Fluid model give approximately 42 %. It is shown in the two cases that the major part of this energy contributes to xenon excitation and ionization. However, the ionization is more important in fluid result (18 %) than in PIC result (13.3 %) as we have expected previously. It is also shown from PIC results that there is 2% of the total energy lost at walls. This is not considered by fluid model. Even if there is a difference between PIC and fluid model, the xenon excitation is affected only by 2.3% (12.7 % and 15 % from PIC and Fluid models). The energy balance is well described by both fluid and PIC models. Fig7: Diagram of energy balance at the peak of current for PIC and fluid models
The question was "Is the discharge energy distribution behaviour affected by these differences?" For this reason, a parametric study was investigated using our PIC model. A comparison with fluid model results obtained from bibliography is also done.
Conclusion
In this paper, we compare between particle in cell (PIC) and fluid methods. Although Fluid model uses Local field (LFA) which doesn't capture all the complexity of the non local electron transport, there is a good agreement between Fluid and PIC results. Ionization is more important in fluid model and the sustain voltage is higher in PIC model. This difference doesn't affect considerably discharge behavior. Energy balance is well described by both models. Only 2 % of difference concerns xenon excitation. The particle in cell (PIC) model, although its costs in time, still an efficient tool to understand a PDP discharge.
